Introduction
T he prevalence of childhood obesity has doubled or trebled in the last three decades in most economically developed countries and in some low-income countries, predominantly in urban areas. 1 However, more recently the rate of increase of childhood obesity has slowed down, especially in developed countries. 2 According to OECD reports present prevalences of measured overweight and obesity among children aged 5-17 years equal or exceed 30% in Greece (44% in boys; 38% in girls), Italy (36% in boys; 34% in girls), New Zealand (34% in boys; 34% in girls) and the USA (30% in boys; 30% in girls). 3 Age standardized worldwide estimates among boys and girls aged <20 years show that the highest prevalences of overweight and obesity are in Kiribati (48% in boys; 66% in girls) and in Samoa (42% in boys; 50% in girls). 2 In Europe, there appears to be a north-south gradient with the highest obesity prevalence in southern European countries. 4 There are difficulties in comparing national prevalences of childhood obesity because these studies regularly use one of the three international anthropometric criteria: World Health Organization (WHO), 5 Center for Disease Control and Prevention (CDC) 6 or International Obesity Task Force (IOTF). 7, 8 Documented risk factors for childhood obesity include parental obesity, sedentary activity (e.g. prolonged TV watching), higher birth weight, catch-up growth among premature and very low birth weight infants, and short sleep duration, 9 proximity of fast food restaurants, 10 maternal smoking, 11 low parental education 12 and low socioeconomic status (SES). 13 Obesity among schoolchilden has not yet been comprehensively studied in Montenegro, but the estimated prevalence of overweight and obesity among children aged 7-11 years in the former Serbia and Montenegro in the year 2004 was about 17% (IOTF criteria). 14 
Recent social and economic changes in Montenegro towards
Western lifestyle and more free economic markets may affect the balance between energy intake/expenditure. Some of these alterations include: (i) rural to urban migration with more available transportation (population percentage living in Podgorica increased from 24.7% in 1991 to 30.0% in 2011); (ii) proliferation of fast-food facilities; (iii) increased employment rate, especially among women (27.6-35 .4% over the past decade) with accompanying less time for preparation food at home; (iv) enlarged food market abundant in sweetened and fatty products; and (v) increased numbers of computers and home internet use (>250% increase over the past decade) promoting sedentary life style. 15 We test whether recent social changes in Montenegro have changed the prevalence of childhood overweight and obesity in the past decade and whether predictors of childhood obesity differ from prior salient factors. We document the prevalence of overweight and obesity among schoolchildren using all three international anthropometric criteria and explore potential contributing factors within Montenegrin society. In the long-term, our results also lay the groundwork for the prevention and reduction of childhood obesity.
Methods
The study was approved by the Ethics Committee of the Faculty of Medicine, University of Montenegro. Total duration of the field work (parental questionnaires and children anthropometric measurements) was 6 months, from December 2012 to May 2013.
Sample
We performed a cross-sectional study among Montenegrin elementary school children from grades II to VII among 46,183 pupils from 163 schools in 21 municipalities.
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A two-staged cluster sampling design was used in the survey to obtain a nationally representative sample of about 4000 children. In the first stage, 39 elementary schools from 15 major municipalities were selected with the probability proportional to size. In the second sampling stage, one class from each grade was randomly selected within the schools. Of 5508 delivered letters to obtain parental consent, positive answers were obtained from parents of 4097 children (response rate = 74.4%). From previous experiences with Montenegrin schools with the response rate regularly exceeding 70% and widespread parental cooperation with medical doctors, it is likely that non-responsiveness was random. The final sample included 2076 boys (50.7%) and 2021 girls (49.3%), aged from 7 to 13 years (mean AE SD = 10.2 AE 1.7 years). This compares favourably with census data indicating 51.8% of males among Montenegrin children aged 6-15 years.

Questionnaire
The parental questionnaire consisted of five parts.
Part 1 included questions on socioeconomic data (municipality, school, grade, gender, date of birth, parents' education and employment, parents marital status, number of children at home and child's order of birth, family income, number of rooms, number of dwellers, bathrooms and toilets in the house).
Part 2 was focused on parents including questions about smoking habits, weight and height, and particularly to gestational diabetes.
In part 3, there were questions concerning child's birth weight and birth length, term of birth (preterm = before 36 gestation weeks) and if the child was breastfed.
Part 4 was related to child's physical activity with questions from a standardized questionnaire. 16 The questions were related to daily TV watching and playing on computer on workdays, physical activity at least 1 h in and out of school and hours of sleep at night.
In part 5, child's dietary habits were investigated. There were questions about child's attitude towards overweight and health risk, the frequency of family gathering together to eat at home and frequency of having breakfast, lunch, dinner and snack. Food frequency questions related to fruit, vegetables and different food items were taken from a standardized questionnaire. 17 
Anthropometric measurements and Nutritional Status Assessment
Weight measurement was performed on barefoot children in light clothes on a digital scale accurate to 0.1 kg (SECA, model SE 808). Body height was measured with a stadiometer accurate to 0.5 cm (GIMA, code 27328). Body mass index (BMI) was calculated dividing body weight in kilograms by the square of height in metres.
In order to make the results of our study comparable with similar research worldwide, we assessed the children's nutritional status using the three international anthropometric criteria: WHO, 5 
CDC
6 and IOTF. 7, 8 In IOTF criteria, we used cut points for thinness grade 2 to define children's underweight because they are closest to a WHO standard for underweight.
Statistical analysis
For comparison of means, we used Student's t-test (t-test) for numeric data and Mann-Whitney U-test (U-test) for categorical data. Pearson's Chi-square test was used to test the distribution of categorical data. To calculate odds ratios (ORs) for overweight and obesity as a binary variable in relation to one or more independent variables, univariate and multiple logistic regression were used, respectively. For the latter, we retained significant independent factors from univariate logistic regressions. The accepted probability of Type I error was 0.05.
Results
The majority of children lived in urban areas. Parental education was primarily secondary level with higher paternal than maternal employment. About 40% of families were low SES. Most of the children were first born and lived with both parents in families with three siblings. The ratio of people to rooms highlights considerable residential crowding. Smoking and overweight were more frequent among fathers compared with mothers. The majority of children was breastfed and had sufficient average daily physical activity and night sleep (table 1) .
The lowest prevalence of obesity and overweight/obesity was found if IOTF criteria were used (5.3% and 22.9%, respectively). Obesity was about two times more frequent among boys compared with girls Concerning children's physical activity overweight/obese children spent more time on the computer (hours per day; 1.23 AE 1.01 vs. 1.15 AE 0.86; t = 2.33; P = 0.020; t-test). Duration of night sleep was similar among obese and normal weight children (P = 0.545; t-test).
Concerning dietary habits overweight/obese children ate less vegetable servings daily (mean AE SD, 1.86 AE 1.04 vs. 1.97 AE 1.09; t = À2.77; P = 0.006; t-test), more frequently consumed 1% or fatfree milk (Z = À2.77; P = 0.006; U-test) and unsweetened breakfast cereal (Z = À2.25; P = 0.024; U-test) and were served bread less frequently (Z = À3.69; P < 0.001; U-test) compared with normal weight children. Overweight/obese children had dinner less often compared with normal weight children (mean AE SD; 6.53 AE 1.40 vs. 6.65 AE 1.27; t = À2.53; P = 0.011; t-test).
Univariate logistic regression analysis showed significant positive relationship of childhood overweight and obesity with maternal education, parental employment, birthweight, time of computer game playing, family income, maternal smoking, parental obesity and urban living, whereas negative association was found with female gender, age, number of siblings, order of birth and breastfeeding, (table 3) .
There were 10 independent predictors that remained significant in a multiple regression analysis: gender, age, paternal employment, number of siblings, birth order, maternal smoking, computer game playing, overweight/obesity at birth and parental overweight and obesity (table 4) . Hosmer-Lemeshow goodness-of-fit test shows that the model adequately fits the data (Chi-square = 8.785; df = 8; P = 0.361) with an overall accuracy of 76.1%.
Discussion
Overall percentage of Montenegrin schoolchildren who are overweight or obese according to the latest IOTF criteria is 22.9% of which 5.3% are obese. Compared with respective data from the year 2004, 14 this is a 35% increase. European countries with similar prevalences of children overweight/obesity are Luxembourg (22.5%), Ireland (22.0%) and Israel (22.0%). 3 When compared with recent data from neighbouring countries, Montenegro has a lower prevalence of overweight children than Italy (35.0%), but higher than Croatia (16.5%). 3, 18 Obesity is two times more frequent among Montenegrin boys compared with girls (7.0% vs. 3.5%; IOTF) with 7% more overweight/obese boys (26.5% vs. 19.1%; IOTF). In most European countries, the prevalence of overweight and obesity is similar between sexes; however, large differences in favour of boys are found in Slovenia (32% vs. 23%), Iceland (21% vs. 13%), Greece (44% vs. 38%), Finland (24% vs. 19%) and Hungary (28% vs. 23%), whereas differences in favour of girls are present in Turkey (19% vs. 13%) and Denmark (20% vs. 16%). 3 The longer use of computers by Montenegrin boys might explain some of the gender differences in obesity. Prior work has also shown greater use of computer by boys than girls. Of 24 potential contributing factors, 10 were independently associated with excess adiposity (table 4). Positive relations were found with maternal and paternal overweight/obesity, paternal employment, maternal smoking, overweight/obesity at birth and daily computer use. Negative relations were found with female gender, number of siblings, birth order and age.
There was a 7.5% decrease of a relative risk for overweight and obesity per child's year of age in our study. Similarly, in a longitudinal study of English children aged 7-15 years the incidence of obesity was highest during mid-childhood (age 7-11 years), decreasing in adolescence (11-15 years). 20 Parental obesity was an independent risk factor for childhood overweight/obesity in Montenegrin children. When other confounding factors were controlled, maternal and paternal excess adiposity remained independent risk factors raising the probability of children's overweight/obesity 105% and 67%, respectively. Of children with normal weight parents, 14.0% were overweight or obese; whereas 32.1% of children with obese parents were overweight or obese. This matches results of a nationally representative study of 9-year-old children in Ireland. 21 In a large study on German children (3-17 years), Kleiser et al. found the strong association between childhood obesity and parental overweight. 22 Children from families with obese parents have higher preference for fatty foods in a taste test, lower consumption of vegetables and fruit and more pronounced sedentary life style compared with children whose parents have normal weight, leading to positive energy balance and weight gain. 23 The superior predictive power of maternal relative to paternal obesity for childhood adiposity may be because mothers are the predominant food preparers in Montenegrin families. Eating habits of children are strongly tied to the eating habits of the family food preparer. 24 Maternal smoking was a significant independent factor for child obesity herein (OR = 1.32), whereas paternal smoking was not. A recent systematic review suggests a causal relationship between maternal smoking and increased risk of child obesity/overweight. 12 Current smoking could also be associated with smoking during pregnancy which is more strongly linked to childhood obesity than household smoking. 25 However, the effect of unmeasured residual confounding cannot be completely ruled out. For example, childhood obesity is associated with lower SES and less breastfeeding among women smokers. 26 Child overweight/obesity was inversely associated with the number of siblings in our study (OR per child = 0.88). This finding is concordant with previous studies both in less developed countries such as Colombia 27 and high-income countries such as the USA. 28 Siblings may stimulate child-to-child interactions and cooperative play, thus increasing children's physical activity. At the same time, additional siblings may lower family economic resources which could decrease the availability of food for each child. 29 Middle children were less at risk of overweight compared with only children and youngest children in our study (OR per each middle child = 0.73). This fits with the results of previous studies. 30 Perhaps, first born or only children are a challenge for an inexperienced mother who is prone to overfeed her child. Heightened maternal stress and anxiety among new mothers might also influence paediatric obesity.
In the multiple logistic regression model, paternal employment increased the probability of offspring obesity (OR = 1.40), whereas the relationship with maternal employment was not significant. A US large national longitudinal study survey of youth showed that maternal work hours were positively associated with childhood obesity whereas the work hours of mothers' partners were not. This relation was explained by prolonged television viewing time. 31 Another explanation may be that employed women spend less time preparing meals and eating with children as shown in German households. 32 However, a large study in 16 regions from eight European countries failed to uncover any association of maternal employment with childhood obesity, diet or physical activity. 33 Absence of a significant relationship between maternal employment and children's obesity may reflect, in part, a highquality child care plus father's contribution, as in many Western European societies. 34 However, this is not the case in Montenegro, where only 40% of children aged from 36 to 59 months attend kindergartens. 35 Overweight at birth was positively associated with childhood obesity herein (OR = 1.33). This finding matches a recent study on Canadian children aged 6-11 years. 36 We show that daily computer use is positively related to childhood overweight/obesity (OR per hour = 1.112). Similarly, a study on Australian children showed that screen time is more closely associated with child obesity than physical activity. 37 After adjusting for other potential risk factors some previously documented salient predictors, such as SES and parental education, were not significantly related to childhood obesity in the Montenegrin childhood sample. In previous research, a higher probability of childhood obesity was mostly found in low income families. 22 However, in a study performed in eight European regions on about 12 000 children inverse relation between SES and children's obesity was found just in five of them (Belgium, Estonia, Germany, Spain and Sweden) whereas no association between SES and childhood obesity was found in Cyprus, Hungary and Italy. 38 Parents with lower levels of education tend to have overweight offspring more frequently compared with higher educated parents. This may occur because of greater awareness of healthy dietary behaviours among more educated parents such as not skipping breakfast, higher consumption of vegetables, fish and nuts, avoidance of fast food and bakery products for breakfast.
12
No significant association of breast feeding with overweight/ obesity was found among Montenegrin schoolchildren. In previous studies, breast feeding for 6 or more months was associated with decreased risk of childhood overweight and obesity. 39 However, an analysis of the publications on breast feeding and childhood obesity pointed to clear evidences of publication bias. 40 There are several limitations of this study. We attempted to minimize response bias by avoiding the term 'obesity' in parental inform consent. Relatively high response rate and a tradition of cooperation of parents and medical doctors in Montenegro likely facilitated an unbiased, nationally representative sample. Selection bias was controlled by choosing schools from 15 major municipalities from all geographical regions of Montenegro, with the probability proportional to size. We tried to control measurement bias by engaging the same team and measuring equipment in all schools.
In conclusion, this is the first national study on childhood obesity in which all three international anthropometric criteria are used and one of the few nationally representative studies in newly emerging, Western democratic European countries of the former Eastern bloc. These newly emerging societies are important to study because child obesity is strongly influenced by social changes that could affect the balance between energy intake/expenditure. We show that overweight/obesity may be expected in one out of four Montenegrin schoolchildren and the prevalence has increased by 35% in the last 10 years. Obesity is two times more frequent among boys compared with girls. Alterations in the ecological context of family life such as elevated maternal employment coupled with inadequate daycare provision, more affordable and readily available high density food and greater use of computers are among the factors in the newly emerging, Western political economic society of Montenegro that may help explain the marked rise in obesity and overweight among children throughout the former Eastern bloc. Some previously documented salient predictors of childhood obesity, such as SES and parental education, did not appear salient in this sample. The results of this study will serve as the cornerstone of a national programme for the prevention of childhood obesity in Montenegro and may offer some insights applicable in other rapidly changing European countries.
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Key points
Although many countries from the economically developed world are represented on the map for obesity prevalence, scant data exist from former Eastern bloc European countries that have undergone rapid shifts towards Western lifestyle, such as Montenegro. National studies on childhood obesity prevalence are based on one of the three current international anthropometric criteria, thus lacking comparability for international comparisons. This study shows that the prevalence of childhood overweight and obesity in Montenegro has increased by one-third in the past decade and some previously documented significant predictors, such as SES and parental education, do not appear salient in this sample. Simultaneous use of the three current international criteria for childhood obesity in a national study enables comparability with previous and future national studies.
